Feasibility assessment of a rural PV-grid connected system in the southwest of Western Australia by McHenry, M.
 
 
 
 
FEASIBILITY ASSESSMENT OF A RURAL PV-GRID CONNECTED 
SYSTEM IN THE SOUTHWEST OF WESTERN AUSTRALIA 
 
Abstract 
 
This report presents an analysis of the load requirements of an average farm in 
the Southwest of Western Australia, and a technical and economical feasibility 
assessment of incorporating solar PV generation to supplement the South West 
Interconnected System (SWIS) that currently supplies electricity to the farm. 
 
Mark McHenry 
 
 
Authorised by:  
 
Research Institute for Sustainable Energy 
Murdoch University 
South Street, Murdoch, WA 6150 
 
RISE Document ref: REP-CON-0004 
 
 
 
 
 
  
 
Table of Contents 
 
Table of Contents ................................................................................................................ 2 
1.  Introduction .................................................................................................................... 3 
1.1.  Renewable Energy Resource Assessment ............................................................  3 
2.  Load Assessment  ........................................................................................................... 4 
2.1.  Electricity Requirements  .........................................................................................  4 
2.2.  Sample Load Profiles .............................................................................................  5 
2.3.  Average Load Profiles for Simulations....................................................................  6 
3.  Power System Description and Design .......................................................................... 8 
3.1.  The Simulation Tool................................................................................................  9 
3.2.  Assumptions ...........................................................................................................  9 
3.2.1.  System Economics ......................................................................................  9 
3.2.1.  Electricity Import/Export Economics ..........................................................  10 
3.2.2.  Renewable Energy Certificates (RECs) .....................................................  11 
4.  Comparison of System Design Scenarios .................................................................... 11 
4.1.  Discussion of Results ...........................................................................................  11 
4.1.1.  Simulation Accuracy ..................................................................................  14 
5.  Conclusions / Recommendations ................................................................................. 15 
APPENDIX A ..................................................................................................................... 16 
 
 
 
 
Figure 1 The Farm Homestead Showing Roofspace for the 1 kW solar PV Array. 
 
  
 
1.  Introduction 
This report presents an analysis of the load requirements of a representative farm in the 
southwest  of  Western  Australia  (WA),  and  a  technical  and  economical  feasibility 
assessment  of  incorporating  solar  PV  generation  to  supplement  the  South  West 
Interconnected System (SWIS) that currently supplies electricity to the farm. 
The farm is connected to the SWIS with a standard supply 240V, 32A single phase line. 
The objective of this study is to determine the feasibility of installing a 1 kW solar PV 
system  to  supply  around  25%  of  the  farm’s  average  daily  electrical  demand,  while 
ensuring  a  cost-effective  and  reliable  supply.  The  main  drivers  of  this  initiative  are  to 
reduce the farm’s carbon footprint and reduce its dependence on the SWIS. 
This  analysis  primarily  uses  HOMER  (the  optimisation  model  for  distributed  power)  to 
incorporate  renewable  energy  resource  data,  manufacturer  specifications  with  the 
modelling  engine  to  determine  system  performance  and  economics.  Section  1,  the 
introduction  includes  the  renewable  energy  resource  assessment.  The  farm’s  load 
assessment is presented in Section 2, and is based on electricity retailer billed data for the 
passed 3 years, and energy audit information. Section 3 describes the power system and 
the nuances of the electricity network integration, net-metering and retailer pricing. Section 
3  also  includes  details  of  simulation  input  parameters  and  the  HOMER  software  tool. 
Section  4  presents  the  performance  and  economic  simulation  results  of  the  system. 
Finally, the main conclusions and recommendations are given in Section 5. 
 
 
1.1.  Renewable Energy Resource Assessment 
 
The region used for the model has a moderate climate and good access to wind, solar and 
hydrological resources. As this project solely focussed on the solar PV option, it included 
regional solar irradiance, the clearness index, and ambient temperature data.  
 
 
 
 
Figure 2 Annual Solar Data. 
  
 
The daily horizontal solar radiation, air temperature and clearness index input data used in 
the simulation was derived from the Bureau of Meteorology station at Albany Airport, 69 m 
above sea level. The annual average temperature is 15.4 degrees C, the annual average 
clearness index is 0.512, and the annual average horizontal solar radiation received is 
4.323  kWh  m
-2  day
-1.  Each  of  the  monthly  averages  was  used  to  model  system 
performance. 
 
 
 
 
Figure 3 Annual Temperature Data. 
 
 
 
2.  Load Assessment 
An energy audit was undertaken on the farm, based on a site visit, a 10 day real-time 
consumption monitoring, and three years of historical electricity retailer billing data. This 
data formed the basis of the load assumptions that modelled the characteristics of the 
electricity demand. 
 
2.1.  Electricity Requirements 
The  analysis  solely  focussed  on  modelling  the  main  homestead  and  primary  shed 
electricity consumption. The farm has two other main electrical network extensions which 
are used on an infrequent basis for water point supply recharging in summer months via 
pumps. As this electricity demand was estimated to be less than 3% of total annual farm 
electricity use, this demand component was omitted to focus on the two primary sheds and 
homestead. The two sheds can be best described as a general workshop, and a shearing 
shed. The homestead is a medium-to-large house. 
The sheds have several infrequently used high-to-medium demand appliances, including a 
welder,  grinder,  compressor,  saws,  motors,  drills,  and  other  miscellaneous  tools.  The 
homestead  has  no  air-conditioning,  a  gas  oven  and  cook  top  stove,  and  a  wood-fired 
heater  that  is  used for  both  space  and  water  heating.  Significant  homestead  electrical 
appliances include a medium sized freezer, a medium fridge, electric hot water booster,  
 
washing machine, clothes dryer, general kitchen appliances, several domestic lights, and a 
TV. The owners of the homestead have also decided to install a solar hot water system to 
supplement  the  currently  electric  and  wood  boosted  system  to  further  decrease  their 
electricity demand. 
 
 
Figure 4 The Farm Homestead’s Old Chimney Stacks. One is in Service with an Internal Woodheater. 
 
 
2.2.  Sample Load Profiles 
Sample load profiles for the farm are presented in Figures 5 and 6. These profiles were 
derived from the three years billing data, the on-site monitoring, audit, and interview. As is 
represented by the Figures, the intra-day electricity demand has significant variation. This 
reflects  the  normal  daily  routine  of  the  homestead  and  the  farm  operations.  The  most 
common loads are cooking, water heating, cold food storage, and general domestic and 
shed electrical appliances. Many of these loads are amenable to some level of intra-day 
deferral for demand side management (DSM). This will avoid excessive peak loads and 
maximum use of available solar renewable energy (Discussed in more detail in Section 6). 
 
 
  
 
 
 
Figure 5 Annual Simulated Load Profile. 
 
 
 
 
 
Figure 6 Simulated Daily Load Profile. 
 
 
 
2.3.  Average Load Profiles for Simulations 
As  the  complete  time  series  of  the  farm’s  load  profile  was  not  available,  the  model’s 
random  variability  of  “day-to-day”  and  “time-step-to-time-step”  were  allocated  30%  and 
80%, respectively.   
 
These random time-step variations produced a maximum peak load on a 15 minute basis 
of around 6 kW, which is consistent with parallel operational demands from the energy 
audit data. The lower day-to-day variability reflects the farm energy demands persisting 
through  the  weekends,  and  somewhat  the  general  seasonal  changes  from  summer  to 
winter (see Figure 7). 
 
 
Figure 7 Intra-hourly, Hourly, Daily, and Monthly Load Profile Simulations. 
 
The 3 year electricity retailer billing information (Figure 8) and the homestead interviews 
revealed  significant  inter-year  changes  to  electricity  demands.  These  included  a 
refurbishment of the wood-fired heater, and short-term seasonal personnel changes. The 
red circles in Figure 8 represent the summer electricity demand periods. In the summer of 
2008 and 2009 the farm hosted 2 seasonal workers for much of the summer, noticeably 
increasing the electricity demand from that of the summer in 2007.  
The  purple  arrow  in  spring  2008  represents  the  period  where  the  wood-fired  heater 
(heating  the  homestead  and  the  water)  was  removed  for  refurbishment.  The  two  blue 
circles indicate the 2007 and 2008 winter periods. The wood-heater was not replaced until 
after the 2008 winter, noticeably increasing winter electricity consumption in that year from 
additional electric hot water boosting and electric space heating.  
  
 
 
Figure 8 Average electricity consumption 05/2006 to 05/2009 (kWh/day). 
 
 
3.  Power System Description and Design 
A  1  kW  solar  PV  array  and  the  1.1  kW  grid  connected  inverter  were  modelled 
independently from the electricity network. For simplicity, the system was modelled as a 
stand-alone power supply system without the SWIS to achieve a simple analysis of the 
capacity factor of the PV-inverter components off the network. Figure 9 are two schematic 
diagrams of the proposed solar PV system, with and without the electricity network. The 
system  was  then  re-modelled  connected to  the  grid  to  compare  economics  of  the two 
options. 
 
 
Figure 9 System Schematic (with and without the electricity network).  
 
 
3.1.  The Simulation Tool 
The simulation for this work was performed using HOMER version 2.68 beta, released by 
National Renewable Energy Laboratory (NREL) of the U.S. on 24 July 2009. HOMER is a 
distributed power and micro-power optimisation model that simulates the operation of a 
renewable  energy-based  system  by  making  energy  balance  calculations  for  each 
simulation interval throughout an entire year. A 15 minute simulation interval was chosen 
to  provide  enough  resolution  to  model  the  intermittent  nature  of  the  farm  loads  and 
renewable energy resources. The program compares the electric demand to the energy 
that the system is able to supply, and calculates the flows of energy to and from each 
component of the system. 
 
HOMER  performs  these  energy  balance  calculations  for  each  system  configuration 
chosen. It then determines whether a configuration is feasible (i.e., whether it can meet the 
electric  demand  under  the  conditions  that a  user  specifies),  and  estimates  the  cost of 
installing and operating the system over the lifetime of the project (in this case 20 years). 
The system cost calculations account for costs such as capital, replacement, operation 
and maintenance, fuels, and any interest on loans.  
 
 
3.2.  Assumptions 
 
A number of constraints and assumptions were made in order to develop the input data 
required for the simulation model. These assumptions are described below. 
 
3.2.1. System Economics 
The cost analysis is based on a system lifetime of 20 years.  The lifetime of PV modules is 
estimated at 20 years. The lifetime of inverter is modelled as 20 years, but is likely an 
overestimation. 
A real interest rate of 6% was used for the analysis. HOMER assumes that inflation has 
been factored into this value, and therefore it might be a somewhat conservative figure. 
However, rural investments are generally longer term, and lower than most commercial 
investment real discount rates are not uncommon. 
The capital costs for all system components including PV module, inverter, and balance of 
system prices are based on the actual costs in 2009. All costs (in Australian dollars) are 
summarised in Table 1, and are GST inclusive. 
 
 
 
 
 
  
 
Item  System Capital Cost  Replacement Cost 
1.050 kW solar PV array, 1.1 kW 
inverter, mounting structures, 
BOS, and installation. 
$2,250  Not relevant 
Electronic meter and installation  $240  Not relevant 
Total  $2,490  - 
 
Table 1 Summary of Model Capital Costs. 
 
3.2.1. Electricity Import/Export Economics 
Farms on the SWIS are generally on the Synergy Home Business Plan (K1) tariff. The 
daily supply charge and the first 20 kWh is the same as the Synergy Home Plan (A1) tariff. 
Electricity consumption above 20 kWh per day is supplied at the Synergy Business Plan 
(L1) tariff (See Table 2). 
 
  From 1/07/2009  Before 1/07/2009 
Supply Charge  32.33 ¢ day
-1  25.57 ¢ day
-1 
Electricity Charge (first 20 kWh)  17.61 ¢ kWh
-1  13.94 ¢ kWh
-1 
Electricity Charge (over 20 kWh)  22.08 ¢ kWh
-1  17.47 ¢ kWh
-1 
 
Table 2 Summary of K1 Tariff Charges. 
 
The Renewable Energy Buyback Scheme (REBS) is available for renewable energy grid 
connected (SWIS) systems of capacity between 500 W and 5 kW. REBS is calculated on 
the net import total over the billing period, at a tariff equal to purchase rates minus GST 
(10/11ths). However, to be eligible for REBS, the client must be on the A1 or SmartPower 
tariff, and rural properties on the K1 tariff are ineligible.  
 
While the K1 supply and the electricity charges (under 20 kWh) reflect the A1 tariff, it may 
be perceived as inconsistent that K1 tariff customers are ineligible for REBS. Rural regions 
are often defined in the “fringe-of-grid” areas that are known to require additional voltage 
and frequency improvement measures. Less net demand in such areas may be a suitable 
option in some circumstances. However, this would require further analysis.  
 
In the model, the farm electricity exports to the SWIS receive zero economic return. The 1 
kW solar PV array is thus modeled to supply electricity to the homestead in real-time only 
displacing electricity imports, and exporting no electricity to simulate the circumstances 
created by the K1 tariff ineligibility. Any benefits of small distributed generators providing 
capacity (and possibly voltage and frequency control ancillary services) will be captured by 
the  SWIS  network  operator  (Western  Power),  or  various  other  generators  under  the 
auspice of the SWIS System Management. The model represents this as an opportunity 
cost at the expense of K1 customers. There are around 13,000 customers on the K1 tariff, 
consuming around 130,000 MWh each year on average. 
 
Electricity tariff structures in WA have been under recent reform. It is likely that further tariff 
increases  are  likely  for  the  A1,  L1 and  K1 tariffs,  in  addition  to  those  introduced from 
1/07/2009.  
 
 
   
3.2.2. Renewable Energy Certificates (RECs) 
Rebate structures available for solar PV systems have also undergone recent changes. 
The  1  kW  renewable  energy  system  rebate  modelled  for  this  particular  farm  was  the 
$8,000 Solar Homes and Communities Program. The RECs generated by the system were 
sold to the installer to minimise the owner’s capital expenditure. At the present time, the 
only available rebate for this system would be the Solar Credit Scheme. The equivalent 
rebate for this system is now slightly less than half of the Solar Homes and Communities 
Program. 
At the current time, the system would be eligible to receive RECs as a small generating 
unit (SGU). This is because the solar PV system is less than 100 kW and generates less 
than 250  MWh of  electricity  annually.  One REC  is  equivalent  to  1  MWh  of  renewable 
energy produced by an accredited renewable energy generator. The average REC price in 
September was $36.00. A calculation of the RECs entitlement of the system based on the 
average price for September 2009 is presented in Appendix A. This has replaced the Solar 
Homes and Communities Program rebate. 
 
 
4.  Comparison of System Design Scenarios 
The analysis determined the life cycle economics of the system. Of particular interest are 
the levelised cost of energy (LCOE) and net present cost (NPC). This information enables 
a comparison between the 1 kW solar PV array and remaining with the electricity network 
only  option.  In  addition  to  the  LCOE  and  NPC,  the  model  also  calculates  the  total 
mitigation of carbon dioxide equivalent (CO2-e) emissions that occur through displacing 
network electricity. This is calculated in reference to the emission factors of the WA SWIS. 
 
4.1.  Discussion of Results  
 
The  LCOE  supplied  from  the  PV  array  was  13.3  ¢  kWh
-1,  generating  1,471  kWh  per 
annum. However, only 1,029 kWh is sent to the inverter which, after losses, provides 977 
kWh  directly  to  supply  homestead  demand.  This  is  roughly  one  third  of  every  kWh 
generated  by  the  PV array,  which  is  exported  to  the  SWIS at  no  benefit, as  the farm 
demand cannot use this electricity at the time it is generated (See Figures 10, 11 and 12). 
This results in an economic loss and an associated low LCOE for the entire renewable 
energy system as a whole.  
  
 
 
Figure 10 PV Component Simulation Results for Homestead Demand Only. 
 
 
 
Figure 11 Inverter Component Simulation Results for Homestead Demand Only. 
 
Figure 9 shows the homestead capacity factor (10.1%) describing the electricity supplied 
to  the  homestead  when  modelled  as  a  stand-alone  system.  When  this  is  modelled 
including exports to the SWIS, the capacity factor increases to 14.5%. Figure 10 presents 
the significant averaged daily generation capacity over the year that is exported to the 
SWIS. This data can be used by the homestead to defer some electricity use to the hours 
of greater solar PV system output to increase the use of available on-site generation. This 
behavioural change will impact the homestead capacity factor and also result in a lower 
LCOE. 
 
  
 
 
 
Figure 12 Exported Unused Electricity Simulation Results. 
 
The real-time modelling of the interaction between the homestead load demand, the output 
of the renewable energy system, and any excess output being exported, can be seen in 
Figure 13.  
 
 
Figure 13 A Representative Day Showing Homestead Electricity Load, Renewable Energy System 
Output & Excess Export Simulations. 
 
  
 
Despite the loss of economic value for exporting electricity, the modelling resulted in a total 
system  LCOE  of  20.2  ¢  kWh
-1,  and  a  total  NPC  of  $8,438.  Tables  3  and  4  show 
summaries  of  the  economic  and  mitigation  results,  and  the  assumptions  used  for  the 
simple mitigation assessment. 
 
 Total Renewable Energy System LCOE  20.2 ¢ kWh
-1 
Total Renewable Energy System NPC  $8,438 
Total Mitigation  24.315 tCO2-e 
Mitigation assumptions: SWIS 2008 Emission Factor of 0.870 tCO2 MWh
-1; the total electricity 
generated by system (including exported electricity) was included over the 20 year period.  
 
Table 3 Economic and Mitigation Summary Simulation Results of the Renewable Energy System 
 
Table 3 can be compared to the modelled cost of supplying electricity from Synergy, the 
SWIS electricity retailer, assuming no changes occur to assumptions of the 20 year period. 
This  also  includes  the  standard  electrical  servicing  required  from  private  electrical 
contractors used in the 1 kW solar PV system model (See Table 4). 
 
Total LCOE  22.2 ¢ kWh
-1 
Total NPC  $9,521 
Total Mitigation  0 tCO2-e 
 
Table 4 Economic and Mitigation Summary Simulation Results of the Electricity Retailer Only System 
 
The LCOE and NPC are slightly higher under the retailer electricity only scenario. This is 
primarily due to the rebate reducing the capital cost of the 1 kW renewable energy system. 
Under the new Solar Credits Scheme, the renewable energy would not be cost effective, 
unless the K1 tariff increases, the REBS ineligibility changes, there is a price for carbon, or 
a  feed-in-tariff.  This  assumes  that  the  Renewable  Energy  Target’s  (RETs)  RECs 
mechanism, and that the Solar Credits Scheme SGU rebate policy remain alongside a 
carbon price. The great number of changes possible to this scenario somewhat devalues 
this analysis, although it is possible to undertake several scenario models to approximate 
many of these possibilities. These however, were outside the scope of this analysis. 
  
4.1.1. Simulation Accuracy 
The accuracy of the system simulation results depends primarily on the accuracy of the 
input  data  and  assumptions.  The  energy  results  are  particularly  sensitive  to  load 
estimations  and  renewable  resource  assessment  data.  The  economic  results  are  also 
dependent on the cost estimations. The precision of the modelling outputs should not be 
misinterpreted  as  a  high  level  of  certainty,  as  many  assumptions  underpin  its 
appropriateness. 
An assessment of the uncertainty of the results has not been carried out. However, much 
model verification has occurred for the HOMER software itself. Thus, these results should 
be used as a guide in the understanding that actual performance results will likely vary, 
although the magnitude of this variance depends on actual system conditions. In addition,  
 
there  are  more  obvious  modelling  and  input  uncertainties,  including  future  electricity 
prices, REBS eligibility changes, and the introduction of feed-in tariffs and the eligibility 
rules. 
5.  Conclusions / Recommendations 
This report is an initial assessment based on estimated load data, but can be used as the 
basis for quantifying the performance of the grid-connected 1 kW solar PV system. The 
proposed system would meet around 25% of the average annual electricity demand, and 
mitigate  a  similar  proportion  of  farm  electricity  CO2-e  emissions.  The  project  was 
economically  viable  with  the  previously  available  rebate  reducing  the  solar  PV  system 
capital  cost  down  to  around  2.5  ¢  W
-1.  The  economics  were  favourable  despite  rural 
properties on the K1 tariff being ineligible for Synergy’s REBS net-metering scheme, and a 
zero price for any mitigation. 
 
In terms of energy efficiency and load-shifting options, the LCOE of the renewable energy 
system will be improved markedly by using electrical devices when the solar PV system 
output is greatest. This will correspondingly reduce the NPC of the system. The purchase 
of  efficient  appliances  and  the further  use of  more  low-energy  lighting  will  be  of  great 
additional  benefit.  There  is  also  significant  scope  for  the  installation  of  additional 
renewable energy systems to further reduce electricity demand, such as a solar hot water 
system. The owners have contacted a local contractor to install such a system. Options 
such as these have the potential to be more cost-effective than the modelled 1 kW solar 
PV system, as they directly reduce the need for electricity consumption. Such options will 
also improve the economics of the 1 kW solar PV system, as the system would supply a 
greater percentage of a lower electricity demand. 
 
 
  
 
APPENDIX A 
 
Renewable Energy Certificate (REC) entitlement calculations. 
 
The farm postcode would fall into the “6271 to 6315” range (ORER, as of 22/12/2009). The 
farm is categorised as zone 3, with a zone rating of 1.382. 
 
By following the formula provided by ORER the Renewable Energy Certificates created by 
the 1 kW solar PV system totals to: 
 
Total REC Entitlement =  
Zone rating x Rated power output (kW) x Solar Credits multiplier x Deeming period (yrs)  
 
108.8325 MWh (Total REC Entitlement) = 
1.382*1.050*5*15 
 
Therefore, the value of this entitlement is dependent on the value of the REC. At $36 per 
REC the total REC entitlement value is: 
 
(124.38*$36 REC
-1) = $ 3917.97 
 